The tea catechin EGCG has been postulated to provide health benefits in humans, to some extent, as an antioxidant. The dose-response effect of dietary EGCG (0, 30, 60, or 120 mg/kg diet) was tested in rats under high versus low oxidative stress conditions that were created by feeding diets adequate in vitamin E and Se (Lox), or deficient in both (Hox) for six weeks. Effects on growth, quinone reductase (NQO1) activity, F 2 -isoprostanes and nutrient antioxidant amounts in the liver were evaluated as markers of nutrient deficiency and oxidative status. Under Hox conditions consumption of EGCG only at the lowest dose was partially associated with a protection against oxidative stress, reflected by a delay in growth deceleration, but no protection against lipid oxidation. Elevated liver NQO1 activity was observed in this group (>4-fold) increasing with the dose; but it was not associated with antioxidant protection. In contrast, under Lox conditions consumption of EGCG was associated with antioxidant activity reflected in a reduction (>30%) in F 2 -isoprostanes and protection of CoQ reduced status in the liver. Overall these results suggest that the antioxidant effect of EGCG in vivo depends on the level of oxidative stress and the presence of other nutrient antioxidants.
Introduction
Aerobic organisms are in constant interaction with molecular oxygen as part of the energy yielding processes in cells. Because this process is not perfect, this adaptation to use oxygen as the final acceptor of electrons in the process of trapping energy is translated in the accumulation of oxygen free radicals or reactive oxygen species (ROS). Their uncontrolled formation and accumulation within the body causes oxidative damage to proteins, membranes and genes leading to oxidative stress [1] . Oxidative stress is implicated in the development of many chronic diseases such as macular degeneration, cancer, cardiac disease, and premature aging; however, its exact role in a given disease is often unclear [2] .
Consumption of diets rich in plant foods, such as fruits, vegetables and herbs, has been negatively correlated with the risk for a variety of chronic diseases, particularly cardiovascular disease and some types of cancer [3] . These beneficial effects have largely been attributed to their high content of dietary fiber and non-nutrient plant chemicals such as flavonoids and terpenes. Over the past years, the use of flavonoids as health promoters has become increasingly appreciated. The main stated hypothesis is that flavonoids, to some extent, mediate the beneficial effects derived from an enriched fruit and vegetable diet in part by their multiple antioxidant properties [4] .
The infusion from Camelia sinensis leaves, also known as green tea, is the second most consumed beverage in the World and it is considered an excellent source of flavonoid antioxidants. Multiple epidemiological studies have linked green tea consumption with the reduction for the risk of disease conditions such as multiple cancer types and cardiovascular disease [5] . Fresh tea leaves are rich in flavanol monomers known as catechins. Epigallocatechin-3-gallate (EGCG; Figure 1 ) is the major catechin monomer in green tea and to which most of the green tea beneficial properties are attributed [6] .
Multiple in vitro and ex vivo studies support the role of green tea polyphenols and EGCG as powerful anticancer agents, apoptosis stimulators, phase II enzyme inducers, and multiradical scavenger antioxidants [7] . Most of these studies documenting the antioxidant activity of the tea flavonoids were performed in isolated situations simulating cellular in vivo conditions. Because flavonoids, like EGCG, undergo extensive metabolism by gut microflora, intestinal and liver enzymes, it is unrealistic to assume that their non-metabolized forms, frequently used at super-physiological concentrations in vitro, directly account for the observed benefits by providing antioxidant protection in vivo [8] . Consequently, it is important to understand their role as antioxidants, while considering their bioavailability and metabolism in vivo. Although the field of phytochemicals and health has grown considerably in the last decade, there is still very limited information about flavonoid antioxidant properties in vivo [4] .
In the present study we have used an animal model of chronic oxidative stress-rats deficient in vitamin E and selenium-to test whether dietary EGCG can provide protection against the symptoms of antioxidant nutrient deficiency and enhance antioxidant status under normal conditions in vivo.
Materials and Methods
All the chemicals used in the experiments, unless otherwise specified, were purchased from Sigma Chemical Co. (St. Louis, MO). Stock solutions (20 mg/mL in ethanol) were made within the week of the experiments and stored in the dark either at 4 or −20˚C.
Animals and Experimental Design
Fifty (40 -50 g) male Long-Evans Hooded rats (Harlan, Indianapolis, IN) were received after weaning and placed on one of eight experimental diets. The basal diet was made with torula yeast to control Se and the oils were tocopherol-stripped to control vitamin E. A low oxidative stress diet (Lox) was supplemented with tocopheryl acetate (100 mg/kg; MP Biomedicals, Cleveland, OH) and sodium selenite (0.5 mg/kg), and the high oxidative stress diet (Hox) was deficient in both antioxidant nutriaents as described by Kuo, et al. [9] . To assure proper mixture, pure EGCG was added to 500 g of the sugar and used at increasing concentrations: 0, 30, 60 and 120 mg/kg of diet. Then, individual mixtures were added to the remaining dry ingredients according to the diet composition. These catechin amounts are approximately equivalent to consuming 0, 1.6, 3.2 and 6.4 mg EGCG/kg body weight per day by the end of the study. These amounts are within the range a US individual (70 kg) would consume from 1, 2 and 4 cups (240 mL) of green tea a day, if consuming from common US vendors of green tea products supplying on average 55.5 mg EGCG per 100 mL of prepared tea [10] . The animals were housed individually and maintained at 24˚C with 12 h light-dark cycles. Rats had free access to food and deionized water at all times and were fed with diets for six weeks. For food intake compliance, food consumption and spillage was measured every other day using a small electronic scale. Body weight was measured weekly throughout the study. At the end of the study, animals were fasted for 12 h before an intraperitoneal injection of ketamine (90 mg/kg) and xylazine (10 mg/kg) and euthanized by exsanguination. Plasma was immediately collected and liver and other tissues were perfused with physiological saline, removed, weighed, snap-frozen in liquid nitrogen, and stored at −80˚C until further analysis. Purdue University Animal Care and Use Committee approved all the experimental procedures.
Tissue Preparation
Representative liver samples were thawed on ice, weighed, and homogenized (20%, w/v) in ice cold 50 mM TrisHCl buffer pH 7.4 containing 150 mM potassium chloride, 1 mM sodium EDTA and 0.1% BHT (except for NQO1 aliquots) for analysis of fat-soluble antioxidants, quinone reductase (NQO1) activity, and F 2 -isoprostanes (type A homogenates); or in ice cold 15% perchloric acid containing 1 mM EDTA for water-soluble antioxidants determination (type B homogenates). The two types of liver homogenates were made on ice using a PotterElvehjem apparatus attached to a rotatory device. After six strokes at medium-high speed, type A liver homogenates were centrifuged at 1000 × g for 15 minutes at 4˚C. Supernatants were immediately transferred, vortexed and aliquoted into amber vials, and kept frozen at −80˚C until further analysis. Upon protein precipitation type B homogenates were centrifuged at 1000 × g for 15 minutes at 4˚C. Clear supernatants were immediately transferred, vortexed and aliquoted into small amber vials, snapfrozen in liquid nitrogen, and stored at −80˚C until further analysis.
homogenates was done as described by McCrehan [11] with minor changes. Briefly, a ratio of 2:1 ethanol to tissue homogenates was used and spiked with 10 µL of 100 µM of δ-tocopherol as internal standard. Fat-soluble antioxidants were extracted using hexane. The upper hexane layer was evaporated under nitrogen. After resuspension in ethanol samples were filtered using 0.22 μm nylon syringe filters (Osmonics Inc.; Minnetonka, MN) directly into HPLC vials.
Simultaneous separation and quantification of α-tocopherol, γ-tocopherol, δ-tocopherol, and CoQ 9 and CoQ 10 reduced and oxidized forms was carried out by HPLC reverse phase with electrochemical detection using the CoulArray ® (Model 5600A) with a binary pump system (ESA, Inc., Chelmsford, MA). The column MD-150 column (C18, 150 × 3.2 mm id, 3 µm particle size; ESA, Inc., Chelmsford, MA) was equilibrated in mobile phase A, methanol: 0.02 M Acetate buffer pH 4.0 (90:10 v/v). Fat soluble antioxidants were gradient-eluted with mobile phase B, methanol: n-propanol: 0.1 M acetate buffer pH 4.0 (78:20:2 v/v). Monitoring of antioxidants was carried out with an electrochemical detector as described in CoulArray Applications [12] . Eluted compounds were quantified using HPLC grade external standards. Results were expressed per mg of protein.
Determination of Water-Soluble Antioxidants
Simultaneous determination of ascorbate and glutathione (GSH) from type B homogenates was adapted from Stempak, et al. [13] and Kristal, et al. [14] . Briefly, type B homogenates were diluted with double deionized water and filtered directly into HPLC vials with 0.45 μm RCmembrane filters (Ministart RC 4; Sartorius AG, Göttin-gen, Germany).
Separation and quantification of liver water-soluble antioxidants was carried out by HPLC reverse phase with electrochemical detection using the CoulArray ® (Model 5600A) with a binary pump system (ESA, Inc., Chelmsford, MA). The column Supelcosil LC-18-T-150 (150 × 4.6 mm id, 3 μm particle size; Supelco-Sigma, St Louis, MO) was equilibrated in mobile phase A, 50 mM sodium phosphate buffer pH 3.0. Water-soluble antioxidants were gradient-eluted with mobile phase B, acetonitrile: 50 mM sodium phosphate buffer pH 3.0: methanol (50:30:20 v/v). Detection was carried out using the 8-channel CoulArray ® electrochemical system. Eluted compounds were quantified using HPLC grade external standards. Results were expressed in grams of fresh liver.
Total F 2 -Isoprostane Analysis
Analysis of liver total (free and esterified) F 2 -isoprostanes (8-epi PGF 2 α) as markers of oxidative stress was carried out using type A liver homogenates and a ELISA kit from Cayman Chemical (Cayman Chemical, Ann Arbor, MI). Previous to analysis, samples were subjected to a purification step using an 8-epi PGF 2 α affinity column kit and treated as indicated by the manufacturer. Results were expressed per mg of protein.
Quinone Reductase Activity
Determination of NAD(P)H:quinone oxido-reductase (NQO1, EC 1.6.99.2) activity as a marker of oxidative stress and adaptation was measured using type A liver homogenates and a plate reader (PowerWaveX, BIO-TEK Instruments, Inc., Winooski, VT) as previously described by Prochaska and Santamaria [15] .
Protein Concentration
Protein was determined by the bicinchoninic acid method of Smith, et al. [16] using type A liver homogenates. All results, unless otherwise stated within the text, are expressed per mg of total protein.
Statistical Analyses
Data are shown as the means ± SEM of 6 -8 measurements/group. Either two-way ANOVA or one-way ANOVA was used to analyze two or one factor effects at P < 0.05 using the SAS software (SAS Institute, Cary, NC). Variances were isolated and analyzed using the F-test (P < 0.05) for the main effects of oxidative stress, Lox vs. Hox, dose effects of selected EGCG concentrations and main effects interactions. Data were subjected to logarithmic transformation where necessary to achieve homogeneity of variances. Proper analysis of statistical assumptions such as homogeneity of variances, and uniformity of residuals, for one-way ANOVA and two-way ANOVA were also performed. If differences were observed, post-hoc analysis of multiple mean comparisons within each oxidative condition and between each treatment against Lox and Hox controls was performed using least square difference with Scheffe correction. Differences were considered significant when P < 0.05. Repeated measures ANOVA was used to determine differences in animal total weight, weight gain and food consumption among groups. Growth rate was calculated as the slope between time in weeks and weight in grams. Slope was calculated in Excel and a linear model for growth was assumed, based on the best fitted model for growth using the Lox control group data. Pearson correlation coefficient was calculated to establish the strength and association of all outcome variables. mals fed diets sufficient in vitamin E and selenium. Final body weights, weight gain and growth rates were significantly lower in Hox rats consuming the control diet than in those fed the Lox control diet ( Table 1 ; P < 0.05). Longitudinal analysis demonstrated that changes in body weight were apparent and significant after the fifth week of experimentation (Figure 2) . Supplementation with EGCG at the lowest and highest dose prevented growth deceleration in Hox animals and resulted in intermediate values that were not different from both controls. On the other hand, dietary EGCG, at any dose, did not affect final total weights, total weight gain and growth rates in animals under normal conditions (Figure 2, Table 1 ). Effects on growth were independent of food consumption. Food intake during the six weeks of the study and for all the groups was on average ~13.2 g/rat/day ( Table 1) . Antioxidant nutrient deficient rats showed higher liver weights compared to their counterparts, and this physiological response to oxidative stress was neither reduced nor enhanced with EGCG supplementation ( Table 1) . 4.90 ± 0.37 6.12 ± 0.70 4.51 ± 0.65 6.26 ± 1.05 § Values are arithmetic means ± SEM; n = 6 -8 for each treatment group. † Represents statistical differences between oxidative conditions after two-way ANOVA, P < 0.05.
‡ For growth and food intake variables and water-soluble antioxidant (unit per g of liver), letters between each treatment group and the controls represent statistical differences after one-way ANOVA and post-hoc analysis between each group and both controls (LSD; P < 0.05). 
Effects of Oxidative Condition and Dietary EGCG on Liver Fat-Soluble Antioxidants
As expected, α-and γ-tocopherol levels were significantly lower in nutrient deficient animals than in their counterparts ( Table 1 ; P < 0.01). Dietary EGCG did not affect liver α-and γ-tocopherol concentrations in either condition ( Table 1) . The oxidative condition and dietary EGCG affected liver CoQ status. Total CoQ 9 and CoQ 10 amounts were reduced as a result of the nutrient deficient diet ( Table 1) and EGCG supplementation did not prevent this effect. Hox rats consuming EGCG at 60 mg/kg of diet showed even lower liver total amounts of both CoQ homologs than the control group (P < 0.05), but without a clear trend at a higher dose. Animals under Lox conditions consuming EGCG showed intermediate amounts of liver total CoQ 9 , but not CoQ 10 compared to both controls ( Table 1) . CoQ RED/OX ratio is a representation of the reduced state of ubiquinol against its oxidized form ubiquinone. Hox rats showed higher liver CoQ RED/OX ratios for both CoQ forms compared to their Lox counterparts (Figures 3(a) and (b) ; P < 0.05). EGCG supplementation led to higher CoQ 9 and CoQ 10 RED/OX ratios in rats under Lox, but not Hox conditions (Figures 3(a) and (b); P < 0.05). RED/OX ratios where significantly (P < 0.05) inversely associated with their total Q homologs; Pearson correlation coefficient for Q 9 and Q 10 , ρ = −0.52 and −0.30, respectively. Changes in RED/OX ratios and total ubiquinone amounts were parallel between CoQ homologs.
Effects of Oxidative Condition and Dietary EGCG on Liver Water-Soluble Antioxidants
Animals consuming nutrient deficient diets showed lower liver ascorbate concentrations (~37%). This reduction was not prevented at any dietary EGCG level. Similarly, EGCG supplementation did not affect liver ascorbate concentrations in Lox rats ( Table 1) . After standardization of the variances, liver GSH concentrations were elevated in rats consuming nutrient deficient diets compared to their Lox counterparts (P < 0.05) and changes were not affected by dietary EGCG.
Effects of Oxidative Condition and Dietary EGCG on Markers of Lipid Oxidation
Liver F 2 -isoprostanes were determined to assess the effects of vitamin E and Se deficiency on the magnitude of oxidative stress represented as oxidative lipid damage. F 2 -isoprostanes concentrations were higher (~24%) in the liver of rats under Hox conditions compared to the controls (Figure 4 ; P < 0.05). Rats fed the nutrient deficient diet and EGCG, at 30 and 60, but not 120 mg/kg, showed amounts of hepatic F 2 -isoprostanes that were not different from both control groups (after one-way ANOVA and LDS, not specified in Figure 4 ; P > 0.05). In contrast, dietary EGCG lowered the amount of F 2 -isoprostanes (~30%) in the liver of rats under Lox conditions ( Figure  4 ; P < 0.05).
Effects of Oxidative Condition and Dietary EGCG on Hepatic NQO1 Activity
Consumption of the nutrient deficient diet led to more than 4-fold increase in hepatic NQO1 activity ( Figure 5 ; P < 0.01). Addition of increasing amounts of EGCG to the nutrient deficient diets led to an unexpected pattern in this enzyme activity as depicted in Figure 5 . First, animals consuming nutrient deficient diets and EGCG at 30 mg/kg had lower hepatic NQO1 activities (P < 0.05). This activity remained unchanged in rats in the EGCG 60 mg/kg group, whereas it was higher in the EGCG 120 mg/kg group (P < 0.05) against the Hox control group. In contrast, EGCG did not influence hepatic NQO1 activity in animals consuming the nutrient sufficient diet.
Discussion
We have found that EGCG can exhibit antioxidant activities in vivo, and that this property depends on the animal's oxidative stress condition. Deficiency of both vitamin E and selenium led to lower total body weight and growth rate and to hepatomegalia as previously reported [17] [18] [19] . Growth deceleration observed is mainly due to selenium deficiency as reported earlier [20] . Under similar conditions, consumption of EGCG both at the lowest and highest dose delayed growth deceleration; however, this slight protection was not strong enough to prevent liver hypertrophy. Addition of dietary EGCG did not affect animal performance or food consumption. To associate the effect on growth with protection against oxidative stress, we determined the concentrations of F 2 -isoprostanes and nutrient antioxidants such as vitamin E, coenzyme Q (CoQ), ascorbate and glutathione (GSH) in the liver. Consumption of EGCG diets led to lower hepatic lipid peroxidation (i.e., F 2 -isoprostanes) only in animals under normal conditions. Although there was a trend to lower lipid peroxidation in Hox animal at lower EGCG doses, this was not significant. Willcox and colleagues [21] using the vitamin E (not Se) deficiency model to test the antioxidant effects of quercetin, catechin, epicatechin, cocoa powder or lignin in vivo failed to observe parallel results either in normal or nutrient deficiency conditions. Despite the elevated doses used (>200 mg/kg bw/day), these polyphenols did not prevent the accumulation of F 2 -isoprostanes in rats heart and plasma. Discrepancies are possibly due to the antioxidant quality of the flavonoids tested; EGCG has superior antioxidant properties in vitro when compared to other flavonoids [22] .
Determination of fat-soluble, but not water-soluble antioxidants was instrumental to explain changes in F 2 -isoprostanes accumulation in the liver of rats under Lox, but not Hox conditions. As expected, rats under Hox conditions showed lower liver α-and γ-tocopherol concentrations. Choi et al. [23] reported protective effects (~10% -30%) on serum and hepatic α-tocopherol in rats consuming vitamin E (not Se) deficient diets along with quercetin (8 and 80 mg/kg bw/day) for 4 weeks. Discrepancies with this study could be due to the level of oxidative stress provoked in the double nutrient deficiency model and the higher doses used.
Animals consuming nutrient deficient diet exhibited reduced amounts of total hepatic CoQ, but higher CoQ reduced/oxidized (ubiquinol/ubiquinone; RED/OX) ratios. Dietary EGCG neither affected the amounts of α-and γ-tocopherol nor prevented the reduction in total CoQ concentrations or modified CoQ RED/OX ratio in rats under oxidative stress. Higher RED/OX ratios along with lower total CoQ amounts have been reported in rat testis under oxidative stress conditions caused by iron overload [24] . A higher CoQ RED/OX ratio appears to be critical in maintaining mitochondrial function as suggested by Miles et al. [25] and is inversely correlated with total liver CoQ content as our results and others have shown [26] . A higher RED/OX ratio could be explained by the enhanced activity of ubiquinone reducing enzymes such as cytochrome b5 reductase and NQO1 as an adaptation to oxidative stress [18, 27] .
In contrast to our observations in animals under Hox conditions, EGCG consumption led to higher CoQ 9 and CoQ 10 RED/OX ratios in the liver of rats under normal conditions, which represents a shift towards the reduced state along with antioxidant protection [28] . Although ubiquinol exhibits synergistic effects with vitamin E by regenerating the active form from the tocopheroxyl radical [29] , the improvement in CoQ status and reduction of F 2 -isoprostanes was not associated with significant changes in hepatic tocopherols or water-soluble antioxidants. Liver ascorbate and GSH concentrations were increased and decreased, respectively, due to Hox conditions and changes were independent of EGCG consumption. GSH levels has been shown to increase during Hox conditions due adaptations to oxidative stress [18] , conditions which leads to increased synthesis as previously reported [30] . This implies that albeit its partial hydrophilic properties, EGCG may interact better with fat-soluble compounds in vivo. Tocopherol sparing effects of dietary flavonoids have been observed in different animal studies under normal conditions [31, 32] or after consumption of high fat diets [33, 34] . It is possible that these sparing effects were due to the high doses used in these studies, where the dietary amounts of single flavonoids or their mixtures (green tea) where larger than in our study, 8 -500 mg/kg bw/day. Nonetheless, these studies did not assess the status of CoQ in plasma or tissues and its potential role regenerating vitamin E.
Multiple quinone oxido-reductases are involved in the reduction of oxidized CoQ to support its role as an antioxidant. NQO1 is cytosolic flavoenzyme that catalyzes the two-electron reduction of exogenous quinones and nutrients, such as ubiquinone and vitamin E quinone [35] . NQO1 also plays a role in the adaptation process to oxidative stress in mammals as described earlier [18, 27, 36] . The nqo1 gene is regulated through cis-coding sequences at the proximity of the promoter region known as the electrophile-responsive element (EpRE) and the xenobiotic response element (XRE) [37] . Induction of nqo1 has been demonstrated to protect against the cytotoxicity, mutagenicity and carcinogenicity of many compounds and has been associated with the potential protective role of plant chemicals, including flavonoids [38, 39] . In this study, dietary EGCG led to increased hepatic NQO1 activity in animals within the Hox, but not the Lox condition. Different reports have demonstrated that EGCG induces nqo1 through both EpRE [40] and XRE promoters [41] . Moreover, Katiyar et al. [42] and Khan et al. [43] demonstrated that consumption of tea catechins induced phase II enzymes, including NQO1, in various tissues of mice. In contrast to these reports, we did not observe any changes in hepatic NQO1 activity in rats under Lox conditions at any dose used. It is possible that those results could be explained by the synergistic effects of the extract containing multiple tea catechins [44, 45] along with the elevated doses used (0.82 mg EGCG/mL drinking water). Thus, our results do not support involvement of NQO1 eliciting the shift in CoQ towards its reduced state under Lox conditions. This shift might have occurred due to a direct or indirect interaction with the ubiquinol/tocopherol regeneration system in the lipid compartment [46, 47] .
The synergistic interaction between vitamin E and EGCG in vitro has been reported [48] [49] [50] [51] . Thus, we propose that EGCG indirectly spared the oxidation of ubiquinol, resulting in higher RED/OX ratios, by scavenging oxygen and other type of radicals [52, 53] directly, or by regenerating tocopherol in the lipid compartment; which resulted in lower formation of lipid peroxidation products. In this study we used a higher dose of dietary vitamin E (100 mg/kg) to elicit clear differences between oxidative conditions. As the amounts of tocopherol were significantly higher, finding a small difference due to EGCG consumption would have required higher power and significantly lower amounts of the vitamin such as it was reporter earlier (~20 mg/kg) [31, 32] .
Similarly as we reported earlier [18] , nutrient deficient animals showed higher (>4-fold) hepatic NQO1 activities. EGCG consumption led to even higher hepatic NQO1 activities in nutrient deficient animals only, but this effect was neither linear nor associated with antioxidant protection. Hepatic NQO1 activity was reduced (20%) in animals receiving the lowest dose only, while in those consuming higher EGCG doses showed higher rather than lower NQO1 activities. If EGCG was an antioxidant, we were expecting protection reflected in lower rather than higher activities. We found similar trend in hepatic NQO1 activities under Hox conditions when evaluating the antioxidant properties of the citrus flavanone naringenin [19] . It is possible that oxidative stress conditions influenced the metabolism of naringenin and EGCG, both flavonoids with similar carbon backbone, resulting in related oxidized, quinone containing metabolites with differing potency toward induction of nqo1. Muzolf-Panek et al. [54] demonstrated that oxidized quinone metabolites of EGCG were able to induce nqo1 gene higher than the parent compound using Hepa1c1c7 mouse hepatoma cells stably transfected with a luciferase reporter gene. Moreover, this group showed the EpRE-mediated response to catechins was modulated under oxidative stress, with higher induction in cells with reduced GSH levels and vice versa. In our study, it is expected that most EGCG was metabolized even before the aglycone form reaches the liver, which could reduce its bioactivity. Nonetheless, current evidence also has shown that oxidative stress leads to higher expression and activity of beta-glucuronidase [55] , and enzyme capable to free-up aglycone metabolites of flavonoids from glucuronic acid. Thus, the accumulation of EGCG quinone metabolites under Hox conditions could explain higher hepatic NQO1 activities after increased intake of EGCG.
Conclusion
A low dose of EGCG was loosely associated with antioxidant protection in animals under Hox conditions; supported by the delay in growth deceleration and lower function of NQO1 in the liver, but not from accumulation of lipid peroxidation products or antioxidant molecules. Consumption of higher amounts of dietary EGCG did not provide additional antioxidant protection and this was only associated with higher NQO1 activities in the liver. Increased NQO1 activity is suggested to occur as a result of EGCG metabolites formed under Hox conditions, with better capacity to induce the NQO1 gene. In addition, EGCG elicited antioxidant activities in vivo with sufficient amounts of vitamin E and Se. Consumption of EGCG led to a reduction in the amounts of liver F 2 -isoprostanes, along with higher CoQ RED/OX ratio, possibly as a result of interaction with the ubiquinol/tocopherol regeneration system. In conclusion, EGCG exhibits antioxidant properties in vivo only in the presence of sufficient amounts of nutrient antioxidants. There is no consistent evidence that EGCG provides antioxidant protection against the oxidative stress symptoms derived from vitamin E and Se deficiency. Further studies should be directed at exploring the absorption and relationship of nutrient antioxidants and flavonoids in vivo under different conditions of oxidative stress.
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